INTRODUCTION
The auroral activity on Jupiter, discovered with the ultraviolet spectrometer on Voyager 1 [Broadfoot et al., 1979- Thorne, 1981a Thorne, , b, 1982 Sullivan and Siscoe, 1981] in determining the source of this power. A possible energy source that has been considered is the acceleration of Iogenic oxygen and sulfur ions to corotation speeds by Jupiter's magnetic field. This energy would be transported to the Jovian atmosphere by the local heating of torus electrons, followed by pitch angle scattering of the electrons into the loss cone [Thorne and Tsurutani, 1979] . Newly ionized oxygen and sulfur ions acquire 260 and 520 eV, respectively, in the corotating frame, so that •>2 x 1029 ions/s would have to be created (the mass loading rate) in order to produce the auroral power.
Other observations of the Io plasma torus, however, indicate a lower mass injection rate. For example, in situ plasma observations [Baqenal and indicate that the torus contains N ~ 5 x 1034 ions, while the ionization states of the ions indicate that their diffusive lifetime zaiff is in the range from 9 to 600 days, with a nominal value of 100 days [Shemansky, 1980b; Shemansky and Sandel, 1982] In addition to the analysis of individual ions, the LET's also provide measurements of the counting rate of Z > 2 ions, called the Z > 2 rate, which is primarily the rate of particles losing more than 9.6 MeV in L1 (paper 1). In regions where oxygen and sulfur are the dominant energetic species, this rate is approximately an integral measurement of oxygen and sulfur ions with energies greater than • 1.1 and •0.9 MeV/nuc, respectively (energy loss in the 3-#m aluminum window of the LET is included in these thresholds). Therefore if the sulfur to oxygen ratio can be determined, the Z > 2 rate can be used as an additional point in the integral energy spectra of either species.
ENERGY SPECTRA AND ABUNDANCES
Energy spectra were determined from the analyzed events in the 12 regions listed in Table 1 . The regions were chosen to The differential oxygen and sulfur spectra in the 5.3 R s region and the sodium spectrum in the combined 4.9 and 5.3 R s regions are shown in Figure 2 . The oxygen and sulfur spectra both have a maximum at • 5 MeV/nuc which is most likely due to preferential low-energy losses near Io (paper 1). For energies greater than •, 7 MeV/nuc, these two spectra are well represented by power laws of index -6. The sodium spectrum is softer, with a power law index of -9. Figure 3 shows the differential oxygen spectra observed in the 7.9 and 10.1 R s regions. In these regions the spectra are well represented by a power law of index -7 between 6 and 15 MeV/nuc.
In order to use the Z > 2 rate point to extend the measured spectrum of a given species to lower energies (•, 1 MeV/nuc), it is necessary to know the fraction of the rate counts that are due to that species. A study was therefore made of the elemental abundances inside •, 25 Rs using analyzed events. The abun- abundances relative to oxygen as it moves toward smaller radial distances (smaller M). Also, an instrument at a fixed radial position will measure a sulfur to oxygen and sodium to oxygen ratio that increases toward lower energies and a carbon to oxygen ratio that decreases, since the sulfur and sodium spectra are softer than the oxygen spectrum and the carbon spectrum is harder. If the approximation is made that the energy spectra of these elements are proportional to E -y, then In the next section, oxygen integral spectra are calculated for each of the regions in Table 1 Table 2 . Also listed are the live time correction factors for the Z > 2 rate, the analyzed event rate as determined by laboratory measurements, and the effective energy thresholds of the Z > 2 rate for oxygen ions (paper 1).
The oxygen fraction of the Z > 2 rate was also used to calculate J•_. This number was determined from the data in Figure 4 and, owing to the offsetting effects of a decreasing carbon abundance and an increasing sulfur abundance toward smaller radial distances, is approximately constant and equal to 1/2 throughout the region between 6 and 17 R s. Note that this number is not an oxygen abundance fraction, since the energy threshold of the Z > 2 rate (in energy per nucleon) is different for different elements.
The quantity J•/B 2, used in calculating the phase space density (equation (2)), is shown as a function of M in Figure 5 for the regions listed in Table 1 . The magnetic field strength for each region (Table 1) is the value that was measured at the time of the magnetic equatorial plane crossing. The continuous steplike part of each spectrum is based on analyzed events, and the solid symbol with an error bar is calculated from the Z > 2 rate. The long-dashed curves joining the two is an interpolation. The event portions of the Voyager 1 13.0 and 16.8 Rs spectra are represented by single points (open circles) instead of by complete spectra owing to the few events obtained in these regions. These two measurements, as well as the Z > 2 flux measurements in the two regions, are important, because they show that to within a factor of 2, the Voyager 1 and 2 fluxes of energetic oxygen ions were the same between 12 and 17 Rj.
The short-dashed and dash-dotted curves in Figure 5 are extrapolations of the measured spectra to smaller magnetic moments. The error bars associated with these parts of the The oxygen phase space density at several values of M, calculated using (2) and the spectra in Figure 5 , is shown in 
In this analysis the phase space density profile at a given magnetic moment is approximated as a series of power law lines (foc/_5) connecting the measurements. Comparison with the smoothed curves in Figure 7 indicates that this is a reasonable approximation. Table 3 lists the values of the power law indices q that will be used. which can be summarized as n = 4 + 2. We therefore conclude that there must be losses between 6 and 12 R s, and hence we will now consider the case of 1ossy diffusion.
It will be assumed that the losses are occurring in the strong pitch angle diffusion limit. In this limit, there is sufficient pitch angle scattering to refill the loss cone with particles as quickly as it empties, so that the lifetime of the particles to pitch angle scattering is a minimum. however, directly determined from the measured radial dependence of the plasma density in the region, and we will therefore use n = 4 in (6) between 8 and 9 Rs.
The diffusion coefficient upper limit calculated at L-8.9 with (6) using n = 4, q from Table 3, Calculated using the data shown in Figure 
region in which the largest total number of energetic oxygen ions is lost is between 8 and 12
The likely cause of the losses is pitch angle scattering into the loss cone, as can be seen by the following arguments (see also Thorne [1982] ). First, a comparison with the plasma charge density in Figure 9a R s is consistent with a particle lifetime near the strong pitch angle diffusion limit throughout the inner magnetosphere. This is illustrated in Figure 10 , which compares the radial dependence of rs with that of the characteristic diffusion time, r o = 1/VD, where outside --• 12 R s the diffusion time is short in comparison with the particle lifetime so that a low loss rate is expected, whereas inside -,-10 R s the opposite is true, indicating large losses. The figure also shows that because of the dependence of rs on M (equation (5)), one expects ions with smaller magnetic moments to diffuse farther in, on average, before being lost than ions with larger M.
In the analysis that follows, we will assume that the predominant particle loss mechanism is pitch angle scattering into the loss cone and therefore that the energetic ions deposit their energy in the Jovian atmosphere. The power delivered to the atmosphere by oxygen ions lost in a given radial range is simply the loss rate of the ions (i.e., the decrease in F(> M) in that radial range from The power above a fixed magnetic moment is used in this analysis because it is the quantity best related to the particle diffusion and loss processes. However, for atmospheric studies, a more useful quantity is the power above a fixed energy, P( > E), since a particle's energy determines the depth to which it penetrates into the atmosphere. We have calculated P( > E) as a function of energy from the data in Figure 11a 
